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.This invention relates to _n apparatus for 
automatically sorting a random stream of bodies , of 
material movirig along a .Wide path. 

stream of bodies of 
material 1 ?, as it is used herein is intended to mean a 
plurality of articles, objects, units or fragments moving 
in a given direction and having a haphazard alignment 
and spacing. The term "wide path" as it is used herein 
is intended to mean a p«th of travel having sufficient 
width tc accomodate a plurality of bodies of material 
raving along the path in side by side relationship, 
that is, it is into ided to distinguish from a path w^orc 
bodies travel in single row alignment. 

Various types of sorters are known for sorting 
bodies of material automatically as the bodies move 
through the sorter in single row alignment. In these - 
sorters the articles pass through a sorting zone in a 
line where they are individually inspected for some 
sorting characteristic and then individually sorted in 
accordance with the characteristic. One disadvantage 
of these prior sorters is the necessity for arranging 
the bodies to be sorted in a single row alignment* It 
is often difficult to achieve a satisfactory single row 
alignment, particularly with irregularly shaped bodies 
of different sizes. Another disadvantage of these prior 
sorters is that they aro not able to process a large 
quantity of material in a short tine because each articlo 
or body must pass successively through the sorting zone 
and be individually inspected. Thus, the sorting capa- 
city of these prior sorters is relatively low. 

It is known to arrange a plurality of the3o 
prior sorters in parallel to incroaao tho s^rtin^ capacity 
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ofi a particular installation* In other words, a battery 
of sorters are arranged with 'the individual sorting 
machines ^adjacent one another -arid with a feed of the 
bodies to be sorted going to each machine* While this 
arrangement increases the total sorting capacity, the 
original cost of the apparatus for the sorting instal- 
lation becomes very high and the maintenance costs for 
a large number of sorting machines is excessive. As a 
result -the overall cost of such an installation is 
prohibitive*/ : 

Tn the mining industry in particular there is 
a need for efficient automatic sorting of ore f raiments. 
In the past, and at the present time in seme countries 
where labour costs are low, much of the minod ore was 
hand sorted before refining* It is ver;' desirable to 
remove worthless fragments or ganmie before refininr. 
to keep the refining cost down. As labour costs 
increased, mechanical sorting became more attractive. 
However the use of prior art low capacity sorters did 
not prove economically feasible except in isolated 
instances. In spite of the need for a high speed, hif.h 
capacity, automatic sorting machine, a need which has 
existed for some time, none are believed to have been 
available up to this time* 

The present invention ha3 particular 
application in the field of mining generally and will 
be discussed in this connection throughout the description. 
The present invention is especially well suited for 
sorting bodies of material according to their light 
af footing properties such as light transmitting or light 
roflecting properties. Subsequently, a preferred 
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embodiment is described for sorting salt according to' . 
its translucency. It is not the intention to limit the 
invention to the automatic sorting of ore, nor is it the 
intention to limit the invention to sorting according 
to the light affecting properties of the material to be 
sorted. The invention is intended to be applied generally 
to the sorting of bodies of material moving in a wide 
path random stream where the bodies have an individually 
varying, remotely detectable, physical property* 

An embodiment of this invention may be used 
for sorting rock salt* Rock salt beds nomaily consist 
of a crystaline halite, which is quite translucent to 
visible and infra-red radiation, and impurities such as 
anhydrite, which are opaque. The anhydrite imparts a 
dirty appearance to the rock salt as well as loverinr 
the chemical purity of the product. The removal of the 
opaque anhydrite is desirable. In a preferred embodi- 
ment of the invention used for sorting reck salt, a 
feeder feeds a wide path random stream of salt through 
a sorting zone so that each piece or body of salt material 
maintains a substantially constant randen distance from 
an edce of the stream while passing through the sorting 
zone. The stream of bodies passes between a lir.ht 
source and a detector means positioned adjacent the 
sorting zone. The detector means provides a signal 
indicative of the translucency or opaqueness of each 
body related to one of a predetermined nunber of adja- 
cent portions of the stream in the sorting zone. A 
rejection means is located in the sorting zone for each 
said portion of the stroam. The rejection means has a 
first condition where bodies are directed to a first 
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path and --a Second condition where bodies are directed ^-v 
to a second path. Means are provided which actuate the 
respective rejection means according to the detector 
signal for bodies in each portion of the stream. 

It ^111 be seen that this invention seeks to 
overcome the disadvantages of prior apparatus by pro- 
viding a high" capacity sorting means. "The sorter 
receives and sorts bodies of material in a wide path ^ 
random stream. This greatly increases the capacity of 
the sorter and does away with the necessity of usirg 
equipment to align tho bodies before sorting 

Accordingly* it is tn object of the invention 
to provide an improved sorting apparatus of novel design, 
capable of a high rate of sortingt 

It is another object of this invention to 
provide an apparatus for 3ortinp, a wide path random 
stroan of bodion of material in accordance with a re- 
motely detectable physical property of the bodies. 

It is another object of this invention tc 
provide means for sorting a wide pcth random stream of 
bodies of material according to their translucency • 

It is also an object of this invention to pro- 
vide equipment for directing individual bodies of 
material towards either of two alternative destinations 
as the bodies move through the equipment in a wido path 
random stream under the influence of gravity. 

Further objects and advantages of tho invention 
will appear from the following description takon in con- 
junction with the accompanying drawings in which 

Figure 1 is a side view, partly in 3nction, of 
an embodiment of tho invention suitable for sorting bodie 
of material moving in a wide path randem stream, 

Figure 2 is an ond viow of tho aprnratua of 

Fi^uro 1, 
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Pi B up « 3 is a aide view, partly in section, 
^■^'®'^*^?^ x * ion of ^ 'sorting zone of another embodiment 

of ', the invention, 'V;' : * 

;' v.; ' : • • •• '•■ r i " v ' 

: '^ : ^4-;-' r Figure U is a sectional view of a monitor 
apparatus used in the. invention, 

Figure 5 is a representation of a scanning 
; ;;2iso' ?: ; iised in the monitor of Figure Ij. with associated 
parts indicated in phantom, 

Figure 6 is a sectional side view of a 
10 control valve suitable for use in the apparatus accord- 

ing to the invention, 

Figuro 7 is a simplified block: diagram of 
the circuits and apparatus used in one enbodirant of „ 
the invention, 

Figure 8 shows a series of waveforms that 
are useful in describing the operation of the circuits 
and apparatus of Figure 7, 



Figures 9 through 1$ are schematic circuit 
diagrams of portions of the circuitry that may bo used 
in various embodiments of the invention, and 

Figure 16 is a layout diagram showing the 
arrangement of the circuit diagrams of Figures 9 
through 15« 
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Referring to . Pigurea 1 and 2, there ' isjs hdw n 7 
a side and an end view of an apparatus according :to . one . 
embo dime i'rit^of this invention for sorting rock salt. The 
pieces v or bodies of salt 10 to be sorted are held in a 
hopper. 11 which has a bot torn- opening 12 • Tho. Valt'S" • 
bodies ;10 are moved downward* through opening by - 
gravity onto a vibrating table* llj. suspended by springs 
15. Additional supporting springs rcay, of course, be 

used .^Kon circumstances' require 'it • A concoct infj men-, 
ber 16 /joins table H| to a vibrating motor 17* "Springs 
18 support the motor end cf the vibrating table assembly. 
Such vibrating feeders are known i; ( the art* Th^ vibra- 
tion of table Ik tends to distribute the bodies of salt 
over the table llf and at the same tine cause them to* 
move down the sloping table surfaco in a stream. The 
table Ik has side walls 20 which define the edee of the 
stream* 

The bodies of salt 10 move alonp, the vibreting 
table Hi in a wide path random stream* The rate of feed 
onto the table i3 such that the stream is substantially 
no thicker than one unit, that is, each piece or body 
of salt moves along the stream in contact with the table 

It ha3 been noted that a more evenly distri- 
buted stream is obtainod by having a alight bond in 
tho table H4. extending transversely across the table. 
The bend is indicated at 21 forming a slight orest or 
hump across the path of the salt stream* The bend '21 
is, of course, not neoessary for satisfactory operation 
of the vibrating table Uj. # 

Tho stream of crystals . or bodios of salt 10 
may include undesirable very fine particlos. These 
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very fine particles tend ;to impair the efficiency of 
the subsequent sorting action and it is desirable to 
eliminate or substantially reduce the amount of these 
fine particles or dust before the sorting* One way 

of doing this that has been found to be isatisfactory 

':.-^V.vv ; v ; : • . ' ^' 5 • - ■ ■ 

is to have a fine transverse slot 22 extending across 

, .?■:. > ■ -v • i ; - 'fi t f*$&\ - - - .f^-J^.. > ' 

the vibrating table '^V^The slot 22 is 'narrow and does 

not impede the flou of bodies 10 in the salt stream. 

A convenient position for this slot 22 is at the bend 

iii table l]j., as shown. V'f^ . T*/ ' 

The bodies of salt 10 move along the vibra- 
ting tablr to the lower end where they fall into the 
sorting zone 23. The bodies 10 move through the 
sorting zone under the influenco of gravity, and es 
each body accelerates with respect to the following 
body, the spacing between individual oodles increases. 
Thus, the bodies enter the sorting zone in a wide path 
random stroam and each tody maintains substantially a 
constant random distance from an edge of the stream 
while passing through the sorting zone but the distance 
between adjacent bodies in the direction of strean flow 
tends to incroase. This increased separation of the 
succeeding bodies is desirable to permit more selective 
rejection of undeaired bodies. 

While the bodies 10 may pass through the 
sorting zone 23 in free fall, it may be desirable to 
guide or direct them. For example, as the bcdies 10 
leave the end of vibrating table ll; and begin free 
fall they tend to fan out slightly, that is, the 
bodies do not remain in a uniform planar stream. 
Frequently a more accurate sorting operation may be 
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carried out if the 'bodies' maintain a uniform distance 

f rem a transverse -reference in the sorting .tone •....In 

the 'embodiment shown a jtranslucont plate : 2^ is included 

in the path of the bodies through zone. .23. The bodies 

■ . - > r -;\ . »*.St : :--* <• - ■ 

10 slide down this surface rist the sorting detector* 

( - , • ■ :-V "• 

.-/J.;' A lipht;25, which may be a fluoro^cent light, 

is positioned to one side of the sorting zone behind 
plate 2lf so that it directs a t£ans- ^rse boam of iif.ht 
into' the sorting zoir* ;^ The : light in the sorting zone 
is preferably indirect or dispersed such as mirht be 
cauVod by providing a frosted coating on plate 21±* 

Througnout the description, when reference 
is made to light, it is the intention that this should 
include not only visible light radiation but also 
radiation in the infra-red and ultra-violet regions. 
The light radiation or simply "light" that is most 
suitable for a particular sorting operation is readily 
determined. 

On tho opposite side of the sorting zone 
from light 25 is a monitor 26 which includes a photo- 
metric light detector and a scanning device* The use 
of the term "photometric" is intendod to convey that 
a measuring of the light occurs, that is, the response 
is quantitative rather than just qualitative* 

Tho monitor 26 is described in detail herein- 
after and it is directed towards light 25 so that 
light from the light 25 is received by the light detector 
therein in the form of a scan. In other words the light 
detector look3 at a portion of the light frcro light 25, 
end the portion of light seen by the detector raovos in 
a direction acroos tho diroction of stroam flow. Tho 
monitor providos an output signal that is representative 
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of the tranaluoency of each body of salt in the path 
of the scani ; The' part of the output sip.nal represen- 
ting" a particuiar body is /related to the position of 
that body, from; the aide of the stream because the scan 
proceeda aoWssVthe stream from one side to the other. 
The output' 8 ijjnal representing a single scan may be 
divided into, a ^convenient number of portions, effect- 
ively dividing the stream into the same number of 
imaginary portions • Ir. the embodiment shown the scan 
is divided into, ten portions. A particular body will 
thus cause an indication in the output signal related 
to the portion of tho 3treara in which the body moves 
through the sorting zona. 

As the strean continues through the sortirj? 
zone past the monitor 26 it passes ton adjacent air 
blast nozzles 27 which are part of tho rejection neons, 
The air blast nozzles 27 which extend the width of tho 
stream are each associated with a respective portion 
of the stroam as divided in the output signal. An air 
supply 28 feeds ten control valves 30 which supply 
respective nozzles • 

The output signal from monitor 26 is compared 
with a reference • That is, the part of the signal 
representing each body scanned is compared to a roferenc 
The apparatus may bo arranged to actuate the respective 
rojootion means if the compared signal eithor exceeds 
or is less than tho reference* In the embodiment 
shown tho apparatus actuates the control valve for that 
portion of the stream in which a particular body is 
travelling if the body is opaque enough to reduce the 
light by a predetermined amount. The rojoctod bodies 
are deflocted by tho air bla3t to a reject bin 31 
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width of the stream* Any body passing monitor 26 and - 
having the required characteristics would thus actuate 
^ a single Control valve and initiate the jet* This 

variation increaBes the chance that the air blast will 
cax*ry over; piebes into bin 31 that should properly have 
gone to bin^32.^Tho rejection means. is, however, much 
simpler, and; the ^apparatus may be useful in situations 
where there is considerable space between adjacent 
bodies in the stream or where the percentage of bodies 
10 ' in the stream capable of triggering the reject mecha- 
nism is small* ; 

Another variation of the embodiment of Figures 

f .... 

1 and 2 does not make use of a scanning moans. This 
variation uses one light detector for each air blast 
nozzle. The stream is thus divided into portions with 
one detector providing tho output signal for the bodies 
passing in front of it, and this signal is compared with 
a reference. If a predetermined relationship exists 
botween signal and referenco, the respective control 

20 valve is actuated to direct a blast of air at the body 

causing the signal and thus deflect it. While this 
variation requires no scanning means, it does necessi- 
tate a plurality of dotectors and associated circuitry* 

Referring now to Figure 3* a portion of the 
sorting zone of another embodiment of the invention is 
shown. This embodiment bases its sorting decision on 
the reflectance characteristics of the bodies being 
sorted rather than transluoency* A light source 35 
floods the sorting rone with light which is refleoted 

30 by tho various bodies 10 passing through the sorting 

zone in accordance with the reflectance characteristic 
of tho surface of the bodies. The monitor 26 scans the 

- 11 - 
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■::.'^}lB6ni^zow as before and provideifan output signal v; 
...that is representative of the reflectance of each body 
related' to the . portion of the 'stream in which the body 
moves • 

-' : *: ■;. when sort inR " is being done in accordance with > ■ 
■ f reflectance clUracterlstic, it is desirable that the 

reflected light should not be specular light. For the y 
purposes of this description reflected light may be 
termed specular or "dif fuse where specular light is 
L0 light reflected by relatively small,' highly polished 

ref lectin* surfaces and diffuse light is light refleoted 
generally from other surfaces* The level of specular 
light reflected from a unit area would be many times 
the value of diffuse light reflected from the same area. 
Consequently, if the surfaco of a body of material 
reflects both specular and diffuse light, it is quite 
possible that the amount of specular reflected lirht - 
would be large onough to swamp any indication of the 
amount of diffuse reflected light* It is the diffuse 
20 light that gives a more precise indication of the 

refloctanco characteristics that are of interost, such 
as, for example, changes of reflectance due to different 
surface colours. 

In the Figuro 3 embodiment, to re due o the 
amount of specular reflected light recoivod by tho light 
detector in monitor 26, a first polarizing filtor 36 
may be positioned in front of light sourco 35 to polarize 
the light directed into tho sorting zone in a first 
direction. Another or second polarizing filtor, polar- 

30 

ized in a direction at right angles to tho first direct- 
ion is placed in the path of refleoted light travelling 
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to the light detector. suitable position for such 
a second polarizing filter^ is described in connection 
with Figure %• The c'cciinatibn of the' two f ilters 
reduces the effect of specular reflected light to a 
negligible amount • •'^/^>r:y v * :C: *" " •• • ' 

Figurs l| is a cross-sectional view of a 
monitor 26 which may be|&e& : in either of tho previously 
described embodimonts* vd'th'bnly minor chances* The 
monitor 26 has a tubular housing l;0 with a front 
closure l|l and a back closuro 1*2. Sealing rings l£ 
and are used to m Ice the interior of the monitor 
housing dustproof . The front closure 1|1 has an opening 
U7 and a collimator U8 projecting outwards to acini t 
linht from the sorting zone to the interior of the 
monitor housing* 

It may bo desirable to close opening hi 
\:ith a transparent material to prevent the entry of 
dust. Alternately, depending on the dust concentration, 
a water or air curtain may be used across the opening. 
In addition, an opening may be provided in housing 
U0 through which compressed air is introduced to create 
a small pressure within the front part of the housing 
and to establish an outward flow of air. The dust 
conditions in a particular sorting operation will 
indicate the extent of the dust proofing necessary. 

Partition members 45 and I4.6 form a mounting 
means for the photometric light detector and scanning 
means* Tho members h$ and 1}6 may be positioned by 
somo means such as spacer bars 50 and 51 • The member 
45 supports a filter a n d lens assembly comprising a 
colour filter 52, a polaroid filter 53, an auxiliary 
Ions 54 and a projection lens 55» The filters 52 and 53 
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and lens 5l± ruaj or may s not be used depondlnf, on the 
requirements of a particular sorting operation. 
Filter. 52 is usod when^it is desired to attenuate lipiit 
of ascertain colour. ,Ppr example, bodies to be sorted 
may hayc-Varyi^^ amounts of two translucent portions 

each uf a different, colour*. To sort these bodies by 

• 'W-C - : - : - ■■■:( r; 7 V- .; . .. • .' • ; : 

the colours in the .translucent portions : may. require 
a suitable colour filter $2 .to. attenuate one of the : , 
colours. For another exampjfe, , bodies to be sorted, may 
have varying amounts of two surface colours. To sort 
these bodies by ref looted diffuse light according to 
colour may requiro a suitable colour filter 52 to 
attenuate one of tho colours. 

The polaroid filter 53 nay be used, a3 was 
previously mentioned, when sorting by roflectanco to 
reduce specular reflection, and the auxiliary lens nay 
bo used to make adjustments in the focusing. None of 
the filters 52, 53 cr Ions 5k are required for tho 
proferrod embodiment for tho sortinp, of 3alt. 

The projection Ions 55 ia a wide angle Ions t 
enable the ontiro width of tho stream of bodies boinr. 
sorted to be focus sod on a horizontal slot $6 in n r,ack 
57 ♦ Any lens system suitable for directing light "rem 
the sorting zone ovor tho width of the stream onto slot 
56 can be usod, Tho lens 55 is shown as a unit for 
convenience but it may comprise several lenses or com- 
ponents. 

A scanning disc 60 is mounted to shaft 61 
rotatably supported in bearings 62. Tho scanning disc 

i3 better SOOji In Fi^u-ro 5 unu ims u oorloo of radial 

aporturos 63 spaced around it. A soriea of ten peri- 
pheral gating 3lu£;s 70 are asoocintod with each slot, 



- 11; m 



702263 

and one r^iii^ljiz Jl Ib associated with each slot. The 
slugs 70 and 71 »ay be of magnetic material such as 
iron or the like but they are preferably of a magnetic 
material like' alnico» The purpose of these slugs 70 
and 71 ot m mi^^iic^iBviA will be discussed subse- 
quently* ''* : ;f$?: A y "'■ 

As shown 'in Figure 1|, the scanning disc 60 is 
positioned so that its apertures 63 are Just behind slot 
56 in mask 57^ A high speed motor 6k # which may be an 
electric motor or an air drJven turbine, for example, 
drives shaft 61 and scanning disc 60. 

Homber k6 support3 another Ions system, 
comprising lenses 6f> and 66, a photometric detector 67, 
and a magnetic pick up assembly 68 comprising a r.ate 
pick up head 72, a resot pick up heed 73, and a mafnetic 
head adjustable mount 7k • The lens system servo3 to 
projoct light from aperturoo 63 onto the cathode sur- 
face of a photomultipller tube 75 which comprises tho 
photometric detector* As before, arty suitable known 
lens system may be used. 

The adjustable mount 7k is pivotally connected 
to partition member U6 by a screw member 76 and it is 
secured in a desired pivotal position by a clampinc 
scrow 77 » Tho mount 7k is adapted to hold gate pick up 
head 72 and reset pick up head 73 at the positions in- 
dicated in phantom on Pigure $% Pivotally changing the 
position of mount 7k will change the time in the scan 
at which a particular slug paases its piok up head* 

As the soanning diao 60 rotates the disc 
apertures 63 move past slot $6 creating a small light 
opening which moves horizontally across slot 56* This 

- 15 - 
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- ; sweeping movement of ^tho ^onnon light opening is 

referred to as a scanning movement and a light detector 
positioned behind the light, openiruj. is/said to scan v ^- 
an object placed .in ttu; View. ,on the other side of the ; . 
• opening. Such a mechanical . scanning .'system is known, 
in the television, facsi-ailo and analogous arts. ,As 
each slug 70 passes the pick up head 72 a short pulse 
is generated. It will be seen that there arc ten pulses 
per scan, and these pulses are used to divide the output 
10 from the phovome'tric detector .67 (and thus tho stream v : / . 

of bodies boing scanned) into ton portions. The pulsos 
generated as each slug 71 passes the pick up head 73 
are reset pulses used to reset the apparatus at tho 
end of a scan. This will be discussed in moro detail 
in connection with the circuitry. 

It will he apparent that o fairly rapid scsn 
is roquired when the bodies of material bc'.r.- sortod are 
relatively snail and are accelerating through t he sorting 
zone. It has been found that in tho apparatus used in 
20 the preferred embodiment for sorting salt, satisfactory 

operation is achieved with disc speeds of the order or 
12,000 to 15,000 RPM. At 12,000 P.PM, witn six scanning 
slots on the disc, this would give 12^000 x 6 « 1,200 
scans per second. Pastor scanning may bo achlovod both 
by increasing the rotational speed and tho nurobor of 
slots on the scanning disc. Tho only limitations are 
the practical physical limits Imposed. It will be 
apparont to those skilled in tho art that an electronic 
scan may also bo used. Electronics scanning systoms, 
30 such as are usod in television cameras and tho like aro 

adaptable to use in thl3 invention and aro capable of 
rapid scanning. 

- 16 - 
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: ;/■ . Under some circumstances, it may be desirable to 

' scan opposite sides of the stream .as : 'it moves through the 

sort ins. zone. ...This can.be done, by having a scanning means and 
photometric detector on each side of the stream. The scanning 
means on each side should be synchronized to be scanning the 
" r same portion of the stream, and only one rejection means is 
required, - ; -v. - \ ;y ^''.- : /u \ . •.' . m A 

It will be apparent , that the rejection means must 
have a rapid response when the bodies of material being sorted 

10. are accelerating through the sorting zone under the influence of 
gravity. This is particularly so when the bodies of material 
are relatively small and are not spaced apart any great extent, 
for example, as in the px^ef erred embodiment for sorting bodies 
or crystals of salt. A control valve 30 whlchras been found 
satisfactory in thi3 embodiment is nhown in Figure 6. This 
valve ia capable of completing a blast cycle in about ten milli- 
seconds. A brief description of this valve ia £lvcn below. 

Referring to Figure 6, the valve 30 has an upper 
and lower casing 60 and bl secured together in air ti^ac rel- 

20 ation by means such as screw 62 and seal 63. Tne lower casing 
61 has a chamber 84 containing a liner 85 which may be of 
brass or suitable plastic material, for example, a plastic 
material consisting of a tetraf luoroethylene polymer such as ig 
sold under the trade mark Teflon. The liner 84 makes a sealir.,3 
engagement with the wall of chamber 84 and end pieces 86 and 
87 close the upper and lower ends of chamber 34. An air supply 
inlet pa3sage 80 extends through casing 81, at right angles to 
the axis of chamber 84, entering chamber 84 between the liner 85 
and lower end piece 87. An air outlet passage 90 from chamber 

30 85 is " ELXi2.11y located and extends through cuu piece? 67 as snown. 
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A movable ^ reciprocating ; 

movement within chamber 8U where'it slidably engages 
liner 85 i';#A sealing rin^ 92 nay be set in a c ire urn-/ 
f eraritial "groove in valve member 91 to create a seal 
between member ^ When the valve member 

: Vl is in ita. lower position it covers the air. outlet 
. passage 90; as shown, ; and when it is in its upper posi- 
• tion there" is an 'air path from inlet 88 to outlet 90. 
7: ; ih order to have a rapid opening and closing 

of the outlet 90^ ^the valve member ia made of a light 
material, : such as, for example, nylon or other suitable 
plastic material. In addition the length of travel of 
valve member 91 is kept small* 

Upper casing 80 has a solenoid coil holder 
chambor 93 closed by e top cover 9l|. In chAmbor 93 
there is mounted a solenoid coil 95 and a solenoid 
plunger 96. Centrally in the ends of plunr.er 96 there 
are upper and lower valve seats 97 and 98 respectively. 
The plunger 96 has a short reciprocating travel* In 
its upper position the valve scat engages a fixed insert 
member 100 closing a pilot air inlet passago 103 extend- 
ing through insert 100. In its lower position, a3 shown, 
the valve seat 98 engages a fixed insert 101 clos'-r-g a 
pilot air exhaust outlet passage lOl;. There are sealing 
rings between casing 80, coil 95 and insert 100 to 
prevent the escape of pilot air. 

An air passage 105 extends through solenoid 
plunger 96 from one end to the other. When the plunger 
96 is in its lower position, the passage 105 comunicates 
with pilot air inlet 103 and an air chamber 106 within 
casing 80# Another air passago 107 opens into chamber 
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106 A at r end,^«te end piece 

86/ and opens into ch^ber : 8^ member 91. 

Shallow .slots 108 'across,^ ■; 
provide,.* ereater .exposed surface of ^ the -end.. of member 91 
when .it 4s in its upper positione r ic _ v ^ 

\:.\rv r U ^operation, r it will.bo; understood that air 
supply, -inlet 88 is connected-to a ges^aource, such as 
air, for example air supply 28 :in : ;Figures;l • and 2, and 
the pilot air inlet 103 is alsc connected to a rraa 
source, such as .air, ,wMch may, f pr^ex^iple, be air 
supply 28 of Figures l and 2 # - It .should ib* moted here 
that the main air supply and. the pilot air supply may 
be the same and consequently have the same pressure, 
for example,- of the order cf 80 psi. . The control valve 
will operate satisfactorily under these conditions. 
However, it has been found that more positive operation 
is achiovod when the pilot air supply is at a slightly 
hicher pressure than the rain supply, for example, cf 
the order of 90 psi. The air outlet 90 will be corrected 
to a required output, such as ono of the air blast 
nozzles 27 of Figures 1 and 2. 

When the solenoid coil 95 is de-er.err j zed, 
pilot air flows into valve 30 through inlet 103 and 
passes through the passage 10$, air chamber 106, and 
passage 107, to cause a force on valve member 91 
pressing it downwards. It will be seen that thoro is an 
opposing upwards force caused by the air from air inlet 
88, however, because of the different areas over which 
the opposing pressures have an effect. th e 
force is greater keeping the member 91 in its down or 
closed position* 
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,<>&: : ^&#lih the solenoid ooil 95 : _enerBl«6"df the 
plunger 96 moves upwardsTolosirig pilot air inlet 
passage; 103 and opening jbhaifcer 106 t biosphere by 
way'of exhaust outlet^l6l|^ ; ; The pressure- on the top 
of (valve /member 91 ter^ing-to hold it downwards is 
removed* The light weight ^alve member 91 ia quickly 
moved to. its upward pbsiljion'b 

main f-r inlet 88 tending to flew beneath' the member 

91. ;\ ■ ■ ." 

its very rapid opening and closing action, valves of 
other constructions may be used in this invention. 

To sur.unnrize very briefly thus far, tho 
sorting apparatus of the preferred embodiment described 
has a vibrating table fu-dder which feods a wide path 
random stream of bodies of material (crystals of salt 
in ttfs embodiment) to a sorting zone where the bodies 
fall through the sorting zono under the influence of 
gravity* A scanning device scans across the stroan 
and a detector obtains information as to the translu- 
cency of each body related to its oocition from a side 
of tho stream, and also information as to the time the 
body pasr.es tho scanner and detector. Tho apparatus 
then compares a sirnal representing the translucency of 
each body with a roference and mokes a decision whether 
to accept or reject tho body* Tho apparatus locates the 
body in a portion of the stream (there are ten portions 
used in the embodiment described) and if a particular 
bodv be r^w-t** a control valve associated with 

the same portion of the stream is energized and an air 
blast directed at the partioular body to deflect it froa 
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its path. T Tining means provides the control valve ; 
energization at the time when the particular body 
is in.frontof the air, blast, nozzle* . 

, . • Cpntipuina with ^ description of the cir- : 
cuitry and apparatus of , the.;lnyention # .ref orenco is . * 
made to Figure 7, which is a simplified block diagram 
of the circuitry .and apparatus used in tho embodiment 
of F^ures 1 and 2, and to Figure e, which shcw3 wave- 
forms occurring in tho circuitry .depicted in Figure 7 
and which ar;e useful in dejeribir** -he operation of 
Figure 7* ... ..... 

r Jr) Figure 7 the sorting zone 23 of Figures 
1 and 2 is indicated generally by dashed lir.js* The 
salt bodies or salt crystals 10 pass between a light 
source 110, which includes light 25 of Figure 1, and 
the photometric lirht dot ec tor 67 of Firur^ U. A 
s earning device 111 comprises the combination of mask 
57 and scanning disc 6C of Figure 5> alone with tho 
driving motor 61; and magnetic pick up heads 68 of Figure 
U # Tho output from the mannotio pick up assembly 
comprisos gating pulsos from gate pick up head 72 and 
reset pulses from reset pick up head 73 (Figure !;)• 
Tho rate and reset pulsos, which arc indicated in 
Figure 8 as VI and W2 respectively, are caused by the 
slur.s passing the respective pick up head3. It will 
bo seen that there are ten gate pulses and one reset 
pulse. These gating and reset pulses appear at 112 
and ll!| and are amplified in amplifiers 115 and 116, 
sQuarad 1« squarcr civ-ouila 11/ and ll6 respectively, 
and applied to a circuit including four binary stages 
roprosontod by block 120. Tho four binary stage 
circuit 120 is a known circuit whoro four multivibrators 
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are connected in series. In this. circuit the first 
multivibrator awitohes W^eaolTvawiidd' trigger puis eV"'-' 
the second multivibrator is triggered by pulse is^from" 
the first and switches at the' second, fourth/ 'sixth' and 
eighth of the ; original trigger jpiilsesV the third multi- 
vibrator -is triggered by pi^sea^frbm the second multivi- 
brator so that it switohes bri the fourth and eighth of ' 
the original pulses, and the fourth" multivibrator is 
triggered by the third so that it switches on the eighth 
pulse* In the circuitry of this embodiment the ten 
gating pulses of Wl as amplif led^and squared, trigger 
the four binary stages to ten distinct states of con- 
duction and-then the applied reset pulse resets the four 
stages to their original conditions. The outputs from 
the four binary stages 120 are applied to ten gate stages 
121 so that oach of the gate stages is triggered on in 
succession. The waveform V3 in Figure 8 shews a wave- 
form thai represents the second gate, that is the * 
gate triggered on by the second pulse. The square 
wave portion 122, which extends in upwards in a 
positive direction, represents the time during which 
the gate i3 on or open. There are ten such gates 
open at different times by the gate trigger pulses. 

In addition a trigger pulse from the binary 
stages 120 is used to trigger two single shot multivi- 
brators 133 and 138 as will be described later. 

The video signal or output from the light 
detector 67 is amplified in a DC Amplifier 123 and 
applied to an amplitude discriminator 12b • The amplified 
output from the photometric light detector 67 would be 
of the form shown as waveform W5 in Figure 8 as it might 
bo with a single opaque salt crystal appearing in the 
scan. The pulse 125 representing the salt crystal is in 
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; , the second portion A of the stream of crystals as shown* . The 
; amplitude discritninator 12!^ is set at :a level 126 as seen 
in W5 of Figure S jocti that pulses below 'this level cause 
7 ; n^ lpyel produce a pulae 

: :; : ii27 /which is. passed;)^ ^a cathode ;f ollpwer 126 to the ten 
.^gate stages 121#/ Whep apulse is applied by cathcde. 
follower 128 to tho ten gate stages it is. passed through 
whichever gate is open at the time, in this case the 
socord gate, to a respective second stage in. the ten pulse 

10 . stretch stages 130» : ^Each;£tage • in the ten pulse stretch^ 
stages 130 is associated with a respective stage in the 
ten output control stages 131 and with a respective one 
of the ten air blast, devices 132. The pulse stretch stages 
130 serve to lengthen an applied pulse so that a respective 
control 3tage will turn on a blast in the respective nozzle 
for a time duration extending substantially tho length of 
time a particular undosired body or. crystal is in Trent 
of tho air blast nozzle 27 (Figure 1). 

As v;as previously mentioned, a trigger pulse 

?0 from four binary stages 120 is used to trigger two single 
shot multivibrators, hereinafter referred to as SSM. 
One of these 55M is 133 which drives a gating stage 134 
to permit operation cf amplitude discriminator 12k 
only during the time the sorting zone is being scanned. 
That is, tho amplitude discriminator 1 is gated on 
while tho 3can passo3 ovor tho width of the stream of 
bodies passing through the sorting zona* The waveform VU 
of Figure 8 indicates the length of time the amplitude dis- 
criminator 12ii is gated on* Thin nrwArifca ft« output f rcn 

30 the discriminator 121). due to a decrease in light received 
by detector 67 a3 tho scan passes the end of light source 
110. It will bo upparont that if such an output did occur 
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it should not result in action of the rejection moans as 
there ^ofS gate 'if j^&'iate stag* :i21 open du- - 

ring theSS; there .'is no s^'; However/ the amplitude _ 
discri^^gate- preventS^wh ^an output and ensures 
there is Vio: Warrant ed' a^ .. 

• V It will be re : coEniMd\thftt DC amplif iers tend 
to drif t >nd ionie form of" stabilization is required, a-d 
also thatf compensation Bhovild^ made for variations in 
light in the sorting zone • ^ Two control systems stabilize 
the output from amplifier 'The first of these system, 
uaes an automatic gain control! circuit or AGC circuit 135 • 
This AGC circuit 135 which receives an amplified signal 
from the amplifier 136, may comprise a DC level control 
and a peak dotector. Changes "from a reference set by tho DC 
level control are detected and used to vary the output vol- 
tage of the power supply for the light detector 67. As the 
overall light level in the sorting zone increases the power 
supply voltage is decreased to lover the gain of the dotector. 
This stabilizes the output of amplifier 123 as far as gain 
is concerned. It is also desirable to ensure that the 
zero level or baseline does not drift. A zero control 
137 does this by ensuring that the output of amplifier 
123 is zero when there is a no signal condition, that 
is when the light is stopped from entering light detector 67. 

The circuit for zero control receives a gating 
signal from SSM 138 (triggered from tho binary stages 120) 
and gating stage 11*0. The gate voltage from stage ll|0, which 
may be as shown in waveform W7 of Figure 8, gates the long 
tail pair 11*1 into operation at a time when there is 
no Boan as ohown by the positive going pulso l!*2. The 
operation of tho long tail pair Hp will be discussed 
in more detail hereinafter when tho different circuits 
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are described. . .Brief iy, the circuit ,of : tyl receives a 
signal from amplifier 123 and the level of this signal 
in the p.ated no signal time of the scan is used to, 
adjust a bias voltage applied over il|3 to the DC 
amplifier 123« This bias keeps rj the no signal part of K 
the signal at a sero. level* r^-'^jr y-.i : .■: 

r' It is believed that the description thus 
far adequately discloses the invention, however, 
a description of. circuitry suitable for use in a 
spocific embodiment follows by way of example. It 
will be understood that in many /coses, there are circuits 
equivalent to those described which would operate 
satisfactorily?. 

Reference to Figure 16 will indicate the 
layout of the circuit diagrams of Figures 9-1$ which 
are suitable for use in the embodiment described for 
sorting salt crystals. Where portions of a circuit 
extend from one Figure to another Figure, designation * 
terminals have been included on the circuits where the 
two Figures join to assist in following the circuitry. 

In the schematic circuit diagrams used in the 
description of the invention, certain obvious parts and 
components have been omitted to simplify the diagrams. 
Such omissions will bo readily recognized by those 
skilled in the art and will not affect a proper under- 
standing of the invention. For one oxoraplo, the heater 
or filamont connections for the tubes have not been 
shown. For another example, the positive and negative 
power supplies have not been shown but have been indi- 
cated by B+ and B- symbols for the higher voltages and 
C+ and C- for the lowor voltages. Such connections and 
powor supplies are woll known. 
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\.'$}';&<i^>. ■ Referring how. to Pigure 9, there is shown a 
sohematio oircuit^diagram of the pick up heads and 
associated transistor:.^ the pulses 

from the pick up heads* Coil 150 is tlie coil in pick 
up head 72 (Fi^es X^fxA $) Mhi6hJvroyLd.es a signal to 
transistor l5l substantially of 'the waveform Wl of 
Figure 8. The gate pulses of wavefora Wl are ampli- 
fied by transistors 151 and 152 and the amplified gate 
pulse signal appears at terminal AA* Similarly, coli 

10 153 ; is the coil in'piclc up head 73 Vi (Pigures k and 5) 
which provides a reset pulse signal of the waveform 
W2 of Figure 8 to a transistor amplifier comprising 
transistors 151; and 155. The amplified rosot pulse 
signal appears at terminal AB. The transistor ampli- 
fiers are of conventional design* 

It will be seen that the instant at which 
the slugs pass the pick up heads corresponds to tho 
part of the waveform where tho signal excursion goos 
abruptly from positive to negative through the zero 

20 or reference level (or from negative to positive 

depending on the coil connections)* Such a point, for 
example, 13 at 156 on Wl of Figure 6. This point not 
only represents the time the slug is opposite the 
pick up head, but it is a point on the waveform that 
is substantially independent of irregularities in the 
magnetic properties of individual slugs* Consequently 
this transition point is the most desirable point from 
which to devolop trigger pulses for timing the operation 
of circuits to be desoribed hereinafter* Tho manner in 

30 which a trigger pulse is developed from this transition 
point will bo apparent from tho following description of 
Figuro 10* 
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- Referring to Figure 10, the gate pulse 
signal at AA is applied to the grid of tube 157 over 
resistance 158. Two oppositely poled diodes 160 and 161 
are. connected across the input to tube 157 to liait the 
. positive. and negative going- portions of the gate signal,. 
This, ; in effect, bo gins ;;to square the ©ite pulses. The 
araplifiedVgate pulse. signal from tube 157 appears acrojs 
load resistance 163 and is applied over capacitor 161± 
and resistance ^.65 to the grid of tube 162A# The two 
halves of tube 162, designated 162A and 162B, forrc a 
squaring circuit (squarer circuit 117 of Figure 7). 
The action of the squaring circuit is as follows. With 
the grid of tube 162A negative the plate current is 
cut off and the plate voltage is high* A portion of 
the voltage on the plate is applied to the grid of 
tube 1623 through a divider comprising resistances 
166 and 167* The lower end of the divider is connected 
to the negative supply and the resistance value3 chosen* 
30 that the grid of tube 1625 ir. positivo when tube 
162A is cut off . Tube 162D is therefore conducting 
when tube 162A is cut off* The voltage drop acrcss 
resistance 166 caused by plato current flow in tube 
1623 is applied to the cathode of tube 162A* As the 
grid voltage increases in a positive direction cn tube 
162A it begins to conduct increasing the voltage drop 
across resistance 168 and lowering the plate voltage on 
tube 162A. The reduction in plate voltago acts through 
resistance network 166, 167 to change the grid voltage 
on tube 162D in a negative direction tonding to 
decrease current through tube 162B. This reduces the 
potential across resistance 168 and encouragos tubo 
162A to increase its conduction. The reaction is 
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regenerative a o that almost , immedi ate # : tr«naf er^f ■ •.. 
conduction takes plaoe from tube 162B to l62A^ The 
reverse action takes place when the voltage ^on^the 
grid of tube 162A is changed in a negative ;direct ion. 
Thus, if a gate pulse swinging in a positive;direction 
frcm a reference, then quickly negative/ ^;^n « 
returning to the reference level, is applied -to the 
grid of tube 162A, a rectangular output waye ^ppears 
at the plate of. tube 162B having a positive going 
excursion and a negative going excursion. The point at 
which this output wave changes abruptly from its posi- 
tive going to its negative going excursion corresponds 
to the time at which the slug initiating the wave passes 
the pick up head. This output at the place of tubo 
1623 is passed through a differentiating network to 
conductor 170 where it appears as wave 169 shown 
adjacent the conductor. The negative 3pike, caused by 
the abrupt positive towards negative change, i3 used* 
to trigger the firat stage of the four binary stages 
(120 of Figure 7) comprising four double trlode tubes. 
The two sections of the first tubo are designated 
171A and 171B, the socond tube 172A and 172B, and the 
third and fourth tubes 173A and B and 17^A and B res- 
pectively. Tho tubes 171A and 171B are connoctod as a 
first multivibrator, tubes 172A and 172D aro connocted 
as a second multivibrator, and so on. Tho four mul- 
tivibrator circuits are oonnoctod in a sories string as 
will bo describod. 

The reset pulse signal at terminal AB is 
similarly treated by an amplifier tube 175 and a squarer 
circuit (118 of Figuro 7) comprising tubo sections 
176A and 1763. Tho action i8 tho sane as that dosoribed 
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for .'She, circuits including tubes 15>7# 162A and 162B» 
The output from tube 176B is differentiated and appears 
on oonductor 177 where it is used to reset periodically 
the four; multivibrators of the four binary stages. 

. vv:/'V- will be recalled that there are a series 
of ten gating slugs which cause ten trigger pulses 
of the f orm of 169 on conductor 170. Two diodes 178 
and 180 and two resistances l8l and 182 respectively, 
connect conductor 170 to the grids of tubes 171fe ancL 
3.71B, .the . first multivibrator. The diodes 178 and 180 
are so poled that they conduct when conductor 170 is 
negative with respect tc tho grids. The grids are 
substantially at ground potential because of the 
cathodes being grounded. Consequently only the nega- 
tive going portions of the ten trigger pulses cause 
the diodes to conduct and apply a short negative going 
pulse to the grids. At the beginning of a series of 
ten gating pul3es, tube 171A is conducting and tube 
171B i3 cut off. The first negative going trigger 
pulse will have no effect cn the grid of non-conducting 
tube 171B, but on the grid of tube 171A it will tend 
to reduce current flow through this tube and initiate 
the switch over of the multivibrator to a condi'-*on 
where tube 171B is conducting and tube 171A is cut 
off. In a like fashion, the second negative going 
trigger pulse will have no effect on the non-conducting 
tube 171A, but will initiate the transfer of conduction 
from tube 171B to tube 17 1A. This multivibrator action 
is well known. Thus, tho ton trigger pulses will switch 
the first multivibrator ten times. 

The plate of tube 171A is connected through 
a differentiating notwork to conductor 153. Viner. tube 
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l?lA.ia conducting, the voltage ™ ^.gj^?.; 1 " . 
The' J 'fir"st 'trigger' pulso'wi nulti - 
vibrator resulting In -a positive going : pulse on con- 
ductor! 183. The second trigger pulse will result In 
a negative going pulse on c onductor 183 /-land the third 
l;piS£tive"goin8 jal^Suff-f© <>>». The vsecond multivi- 
brator, which comprises tubes' 172A and 172B, has itn 
grids connected to condu^.or 183 by resistances 181+ 
and 185 and diodes ^.86 and 187 as shown. As before, 
the diodes 186 and 187.W poled to pass only the 
negative going pulses 'to the grids of the multivibrator, 
and these negative pulses occur on the second, fourth, 
sixth, eighth and tenth of the original series of ten 
gating pulses. The second multivibrator, at the 
beginning of the serios of ten gato pulses, Is in the 
condition where tube 172A is conducting and tube 172B 
is cut off. The negative pulses on conductor 183 
switch It to Its other state or condition at times . 
corresponding to the second original gate pulse, 
baok at the fourth, to its other state again at the 
sixth, etc. The second multivibrator thus switches 
at half the rate of the first multivibrator. 

Similarly, the plate of tube 172A is 
connected through a differentiating network to conductor 
188. Tho conductor 188 will have a positive going 
trigger pulse which corresponds to tho second of the 
original gating pulses, a negative going trigger 
pulse corresponding to the fourth original gating pulse, 
and so on. As before, tho negative going pulses on 
conductor 168 are used to switch the third multivibrator, 
comprising tubes 173A and 173B. 

The fourth multivibrator comprising tubes I7I4A 



- 30 - 



702263 



and 17l*B operates in exaotly the" same manner, and it 
is believed no further description i3 necessary'* 
resetpulse, which is generated following a series of 
ten gating pulses, is on conductor 177 ♦ Diodes 190, 
191, 192. and 193 are poled to conduct when the side;; 
of the ;diodes to conductor- 177 is negative with respect 
to the other side* Thus the negative going part of - the 
reset pulse causos negative .bias voltage pulse; on the 
grids of tubes 1713, 1723, 173B and IJl^B respectively, 
to ensure, that all the multivibrators are switched 
to their original condition ready for the next set of 
ten gating pulses. 

The plate of each. tube in the four multivi- 
brator stages is coupled through a divider network to 
an individual terminal designated Pi to P6. Each of 
these terminals will have a higher or a lower voltage 
depending on whether the tu*>e to which it is connected 
is non-conducting or conducting. The following table I 
indicates whother the voltages arc higher (K) or lower 
(L), by way of example 

PULSE PI P2 P3 ?k P5 P6 T7 ?8 
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The purpose of the four binary stages ia; to provide- 
ten distinot combinations, of higher^and flower voltages, 
one for each gate puisne, which cause ten different 
gates to be opened "in sequencer will be described 

in^connection with Figure 11 • " <-JVJ'-- - 
^& Referring now to Figure 11, there are ten ; 

gating stages designated 19k - 203. )^he gating stages 
j^V; similar and only stages 19^ and 203 ?are shown in 1 
detail, the remainder being indicated by dashed 
blocks. Each gating stage is connected; to certain of 
the terminals PI to P8 through a diode iogio network. 
Considering first the gating stage 19^, it includes a 
tube 205 having three grids - the first and third grids 
being control grids or gating grids r Tho first grid is 
connected to point 206 to which the same terminal of 
four diodes 207 to 210 are connected. The other ter- 
minal of diode 207 goes to teiminal PI, and of diodes 
208, 209 and 210 to terminals ?h, P8 and P6 respectively 
The diodes are poled to conduct when the terminal side 
has a lower voltage than point 206. The connection 
point 206 is connected to a source . of positive voltage 
B+ through a fairly high resistance 211. Tho previously 
referred to higher and lower voltages on the terminals 
PI to P8 are chosen so that the higher voltages will 
not causo the diodes, that is diodos 207 - 210, to 
conduct but the lower voltages will. Thus, if thero 
is a lowor voltage on terminal PI, diode 207 will 
conduct and will cause the voltage at point 206 to fall 
biasing the grid of tube 205 to prevent conduction. In 
this condition the gating tubo 20$ is clooed. This 
will happen if there is a lower voltage on any of 
terminals PI, ?h 9 P6 or P8. However, if all the 
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terminals PI/ Pljv P6 and P8 have higher voltages, none 

of diodes 207-2itTwill conduct -arid /the voltage of 

vr,- v :-;^' f - - . - 1 • ' : '" 

connection point 206 will increase positively from the 

supply until -there is conduction in gating tube 205 

••**"• ' ** ""' <* • ■ ".•..-■'-..* 

from cathode to ^second grid • ;.^InJ;t his condition the : - 
gate : tube 205 is' open* Plate current, docs not flow 
in tube 205 because of the negative bias on the third 
grid* However^" if a positive going pulse is applied 

to terminal HB, plate current will flow, an output 

.*V : ■ 

10 pulse will be developed across/load resistance 212, 

:■■ /..:•*• xv;V ->v : -' '•' vt'-'' ■^^.•r.V'f V? ' ' 

and the output will appear at terminal EA. 

Reference to table I will show that there 

is a h5 3her voltage on teiminals PI, Plj., P6 and P8 

inznodiately following the first gating pulse, that is, 

from the first to the second gating pulse* This is 

the only time the gating stage I9I4. is open. Similarly 

terminals P2, P3> ?3 and P6 are in a condition to open 

the second gating stage 195 botwoen the second and 

third gating pulses. It will be apparent from table I 

20 that the gating stages are opened in sequence, and a 

pulse applied to terminal HB will result in an output 
from whichever gate is open at the tine. It is 
believed that a description of each gating stage is 
unnecessary. It will bo recalled that any pulso 
appearing at the torminal HB (which is a pulse from 
cathode follower 128 of Figure 7 delivered to gato 
stages 121) has a time relation with respect to the 
sequence in which the gate3 are opened. In other words, 
the sweep of the sorting zone which may result in a 

30 pulse at HB is timed with rospoot to the gating sequenoe 

ao that the required gato is open when a pulso appoara 
at HB, 
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When there ia a pulse at 'terminal HB # ^ 
an output pulse will appear at one of the ten terminals 
designated EA, EB, EC, ED,EE,W^#SH, EI or EJ, 
depending on which gate stage is open. This pulse will 
result in operation of the control valves 30 of Figures 
1 and 2 to direct an air blast f rom one of the ten 
nozzles 27 of Figures 1 and 2 to rojeot (or accept) 
a particular body of material which caused the pulse. 

Referring now to Figure 12, each of the 
terminals EA to EJ at the upper loft of the drawing 
is connected to a grid input circuit of a pulse stretch 
stage 211; to 223 # These are the stages represented by 
block 130 of Figure 7« Each of these stages is the 
sane and only the first stage 211* and last stage 223 
are shovn in detail, the remaining stages being indi- 
cated by dashed blocks* 

The purpose of the pulse stretch stages 
2U; - 223 is to lengthen tho short pulse at any of €ho 
respective input terainals EA, to EJ to provide a 
control pulse operating the control valve of sufficient 
length that it extends substantially the length of time 
it takes a body of naterial to fall past the region of 
the air blast nozzle. Each pulse stretch atago cc 
prises a 3SM. Considering the first atago 211;, a two 
section tube 22l|A and 22l*B is connected as a SSM with 
22l|A normally conducting. A positive adjustable bias 
is placed on the grid of tube 22l*A by a divider network 
comprising resistances 22f>, 226 and potentiometer 227 
connected between a source of positive potential B+ 
and ground* A divider network comprising resistances 
228 f 230 and 231 between a positive voltage aouroo B+ 
and a negative voltage source 3- is usod to bias tho 
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grid of tube 221±h so that tube 22l|B is nprmaxly cut 
off •The circuit is a typical SSM circuit having 
means for adjusting the length of time the circuit 
is in its switched condition before i.itlra[turna to its 
normal condition. A diode 232 is ciDmeoted between the 
iappropriate teminal, say EA# and the grid circuit of 
tube 22I4A. The diode .232 is poled to conduct when a 
negative going pulse is on terminal EjU When this 
happens, the grid potential of 22lj.A becomes more 
negative tending to stop current f low r through tube 
22l|A r applying a positive going voltage !to the grid of 
tube 22l|B, tnereby transferring conduction fraa tube 
22J|A to tube 22^B. After a time vhich is dependent 
upon the time constants and voltages in the circuit, 
the grid of tube 22l|B becomes sufficiently negative 
to reduce current flow in tube 22^3 applying a positive 
going pulse to the grid of tube 22i;A and thereby res- 
toring the SSM to its normal condition. This action * 
is the some for each pulse .strotch stage. 

Following each pulse stretch stage is a 
respective output control stage, (comprising the ten 
output control stages 131 of Figaro 7) and a respective 
solenoid which operates one of the control valves 30 
of Firuros 1, 2, and 6. The output control stapes 233 
to 21|2 are similar and sta^os 235 - 2l|0 are indicated 
in phantom block form only. There are ten solenoid 
coils 2I4I1 to 253 eaoh ono controlled by a respective 
or* of control stages 233 to 21^.2. 
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> considering the first output control stage 233 
and its Glenoid 244, the^re 'is' shown a tube '^5 /which may 
be part of - a multi-section tube; having a grid resistance 
coupled to; the plate of tube^e^ A resistance divider 
network 'comprising resistances "'^28,' 256 and connected 
between Source of positive' voltage B+ and '©round provides 
a voltage for the plate of tube '224 A and this 'yoltage is 
applied to the grid of tube 255 because of the resistance 
coupling. The cathode JBf tube 255 is connected to a source 
of positive potential B+ having "a value such that tube 
255 is normally cut off. It will be recalled that SSM 214 
is swished by a trigger pulse causing the voltage at the 
plate of tube 22U to rise. This rise is transmitted to the 
grid of tube 2$~j causing conduction until SSM 214 retur.-.a 
to its normal state. The plate circuit: for tube 255 include 
solenoid coil 244 and floating power supply 258. The flow 
of plate current through tube 255 energizes solenoid 244 
turning on the air bla-t. The other control circuits * 
operate in a similar manner. 

The scanning, regulating and decision circuits 
will now be described. Referring first to Figure 13, 
chere is shown the light detector 67, part of DC amplifier 
123, amplifier 136 and automatic gain control circul- (AGC 
circuit) 135 of Figure 7. The photomultlpller tube 75 
has a cathode on which the light from the scanned sorting zo 
impinges. An output dependent upon the impinging light 
appears across resistance 260. A negative voltage from the 
low voltage power supply C- is applied to the last dynode 
in the photomultlpller tube 75/ while the third last 
dynode is connected to a negative source B- and the 
remaining dynodes are supplied with a negative potential, 
through a resistance network from a conductor 263 connected 
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to a power supply of variable high voltage. Since the gain 
of a photomultiplier tube is dependent to a large excent:/on. 
'the potential between dynodes, the adjustment of this pot- 
ential affords a convenient means of controlling the gain ' 
of the light detecting system co maintain a predetermined . 

standard, . ".*'u\ . •'•*;•.>:'•}. ' / 4 ^v.'4^'-' " 

The ligHt dependent signal across resistance. 260 
Is amplified by a conventional direct coupled transistor, v 
amplifier "comprisinc transistors 26] and 262, and the ampli- 
7 10 " f led video or light signal appears at terminal ?A. Two 

>: zener diodes 26k and 265 are included in the circuit to 
produce suitable regulated voltages supplying the collector 
and emitter circuits of transistors 261 and 262. Tne anpli- 
fled signal repre^nting tlie light received fro- a scanning 
of the sorting zone may b> referred to as the amplified 
video signal and is available on conductor 266 and ccmi.;al 
PA. 

iu will be recalled thac it is desirable to control 
the gain of the lighc deieccor and DC amplifier so chat a 

20 substantially constanc level or output video sicnai is 

obtained regardless of chances in light level in the sortinr 
zone and that a convenient way of doins this is adjust 
the negative power supply on conductor 263. To accomplish 
this the video signal from conductor 266 is applied to a 
conventional R-C coupled amplifier (amplifier 136 of 
Picure 7) comprising tubes 2o7A and 267B providing an output 
via capacitor 268 to a DC level control comprising tube 270. 
The cathode of diode tube 270 is connected to a positive 
source of potential from a divider comprising resistances 

30 271, 272 and 273 connected in series between a source of 

positive voltage B+ and ground. A variable tan on resistance 
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272 provides a variable .-'reference positive potential for the 
DC level control, ;. Portions of che video signal at the plate 
of tube 270 which exceed the .reference cathode potential 
cause conduction in the diode 270 holding the positive 
going portions of the^signal on the plate of diode 270 to 
a firmed level. Thus/'-the signal applied to. the grid cf 
cathode follower tube Zlk has a fixed reference level with 
negative going portions from this level in accordance 
with the values of light received by the photomultiplie^ cube 
10 75 during scanning. ..The maximum or peak negative going value 
of the signax represents the condition where unobstructed 
light is received. A divider network comprising resistances 
277 and 2fS, series connected between a source of negative 
potential B- and ground, is connected at the Junction of 
the resistances to the cathode of tube 27^ and the 
cathode of a peak detector tube 275 supplying the cathodes 
with a negative potential. The output of the cathode 
follower tube 274 is across the resistance 27o. The place 
load of peak cietector tube 275 is a parallel combination of 

20 resistance 280 and capacitance 2ol. It will r be seen that a 
negative voltage is developed across the peak detector 
plate load and that this voltage varies at the peak 
or maximum negative going value of the video signal. Vhis 
voltage across the peak detector load is coupled to the grid 
of tube 282A which is the first stage of a DC amplifier 
comprising tubes 282A and 282B. The DC amplifier is 
conventional and its output io coupled through resistance 
233 to the grid of power supply control tube 28'* which is in 
series with the high voltage supply. 

30 Tiw high voltage uupply is a conventional one 

comprising a transformer 285 with its primary winding 
connected to a source of alternating power and its secondary 
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connected to a half wave rectif ier^indicated. as diodes 286. 
The pulsatirg direct current is filtered by a choke 2&7 
in combina t ion ^with capacitors 288 and 290* The output 
from the supply, is applied over conductor .263 to photo- 
multip) ier tube^75» w This output supply voltage also is 
across resistances 291 and 292, and it is the voltage, 
across capacitance 290 and parallel resistances 293 and 2Qh 
less th* voltage drop in tube 284. Thus, an increano in 
negative bias on the grid of tube 283 will increase the 
tube's effective .resistance and voltage drop and will lower 
the supply voltage on conductor 263 v 

The action of the automatic c^in control circui 
(135 in figure 7, incluulNS a^plSfier I?6) Is as JoUowj. 
If the leve? of light j~i the scanning zone ii. ureases, t:v:: 
negative going level of the video signal witn respect to 
the Dc reference level set by the tube 270 would Increase. 
This would cause more conduction through .the pea;: Zcz<ic .zv 
tube 2V 5 increasing the negative voltage across re.iidt«i;.. 
2o0 a:.d capacitance 261. This increase in r,e tj a:ivo voltaj 
io amplified by the DC amplifier comprising tub* a 2J2A 
and D, and results in a negative going charge o*' vl is cr. ! 
grid cf control tube 23'* which lowers the vol.: age on 
conductor 263. This deceases the gain of trw p.-uv* u;nul*. ip 
tube 7p and functions to provide a substantially constan*. 
output signal level at terminal FA. It will bo recalled 
that the zero or reference lovol of the video oignal is 
also controlled and this will be described subsequently 
in connection witn Figure 15. 

Referring now to Figure 14, the video signal 
at terminal FA is amplified in a DC amplifier (i.-.ls '.0 
part of the DC amplifier 123 of Figure 7) whien co:v*ri:jo.« 
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cubes 295A, ,295B f r»6, 2?7A, 297B ; and 2$8, This DC . 
amplifier inolud^two feedback ioopal'^The f irst loop'- y; ; 
is fonr.ed by £ resistance 300 connected between the .. . .. .. 

cathodes of tubes J295A ind 296., The second loop is\ ' 
formed by a 'resistance 301 connected between the cathode 
of tube 297A^and^the cathodes of a double cathode follower 
Btage comprising tubes 302A and 302B. With perhaps the 
exception of ^the >tage including tube 298, the DC amplifier 
is of conventional design. 

The.. "state including tube -298 functions as a unique 
type of divider . circuit whereby the DC voltage at the 
output of tube 297B is adjusted or divided downwards to 
a suitable voitage for the double cathode follower stage 
buc the signal voltage is not divided but maintains Us full 
amplitude. It will be apparent that if a divider network 
of resiscances was used to adjust the DC voltage fron 
cube 297B downwards for the double cathode follower, the 
signal swing or signal amplitude would also be reduced? 
The stage including tube 29? overcomes this disadvantage. 
Resistances 316 and 317 are series connected between a source 
of negative voltage B- and ground. The junction of these 
resistances is connected to the grid of tube 29? to supply 
a substantially constant bias voltage. The voltages are 
such that tube 298 io always conducting. Tube 29^ will 
try to maintain a constant voltage drop across cathode 
resistance 318 and will carry a substantially constant current 
regardless of changes in voltage on its plate. Ao a result, 
the signal voltage is passed to the next stage, i.e. the 
grid of tube 302A without change, but the DC voltage at the 
plate of tube 299 han been divided downwards . 

The video signal from the DC amplifier is 
thu3 applied to the double cathnde follower otagc which is 
used to provide a low output impedance for purines of 
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vvv-3£v- The cathode '{follower output is applied to a 
terminal designaced GA and alao over conductor 303 and 
a combination of resistance 303 and capacitance 304 to the 5; ~ 
plate of a gate tube 305 and then to an amplitude 
discriminator (124 of Pigure 7); The amplitude discrimination 
function is performed by the resistance 303, resistance 306 
and potentiometer 307 The potentiometer 307 is connected 
between the negative supply B- and ground to provide a variable 
negative voltage at the tap or arm of che potentiometer. . 
This negative voltage pets the level 126 : 6fWi\ve form Vp 
of Figure 8, that is it sets the bias on the grid of tubs 310A 
so that it does not conduct until a pulse (such as pulse 125 
of W5 in Figure 3) caused by the obstructing of lijrht by 
a salt body or crybtal exceeds tlv2 bias level. 

The tub2s 310A and 3103 are connected as a square r 
circuit very similar to the "square r circuit comprising ^ubes 
162A arid 162B of Figure 10, and the operation is also tnc 
same. Tube 310A is normally cut off and tube 3103 is 
normally conducting. When a pulse on tr.e grid or tube 310A 
exceeds the reference, che conduction is transferred from 
tube 310B to 310A. When the grid of tube 310A fails below 
the reference, the conduction changes to its' normal s-.aue. 
Thus, each pulse of the video 3ignal exceeding the re re re nee 
will cause a positive going voltage pulse at the plate . 
of tube 310B which is applied to a cathode follower tube 311 
and vhich results in a pulse 312 from the cathode follower 
at terminal GB. The terminal GB is connected by terminals 
OB, HB of Figure 15 to HB of Figure 11 where it connects 
to the. third grids of the gating stages. The operation 
of these gating stages has been described. 
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1^ Still wferrlngjtoJPiguro lU, the gace tube 305 , 
ha3 iormected'^^uStion point df resistances 

303 and SOG^afits cath^o^t^d >o the Junction point 
of resistances '314 and 315 are series connected from 

the negative supply B- to ground. The plate rod cathode of 
tube 305 are thus both negative*: with respect to -ground, and 
the voltages are selected so that the tube 305 conducts 
when the positive going portion of a waveform W4 (Figure 8) 
is applied to its grid but does not corfcuct daring the 
negative going "portion. The waveform is available at 
terminal HA as will be described shortly. When tube 305 
is conducting there can be no signal from conductor 306 
at the Grid of tube 310A, and consequently there is no 
output from the squarer circuit of tubes 310A and 310E. 
This prevents any signal from appearing at ck« terminal 
GB between the actual scanning sweeps across the sortl: 5 
zone. The gating of the amplitude discriminator may te 
omitted if desired because the ten gate stages (121 oC 
Figure 7) will normally not pass signals from the amplitude 
discriminator that occur outside the 3weep of the sorting 
zone. The gating of the amplitude discriminator acts as a 
supporting gate to ensure that spurious signals in the no 
signal time do not pass. 

Referring to Figure 15, the two SSM stages 
(133 and 138 of Figure 7) are shown along with the sere 
control (137 of Figure 7). The two SSM stages receive 
their triggering signal from terminal EH and thence from 
terminal DA of Figure 10. The triggering signal is obtained 
from the squarer circuit of Figure 10 comprising tubeB 176A 
and 176B which are actuated by the reset pulse. The first 
SSM comprises tubes 320A and 320B (SSM133 of Figure 7) 
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and the second comprl sea tubes 321 A and 321B (138 
of : Figure -7) • '■■'^'■'-'^'■^ ■ - : ' r - " 

S^::-;:; h ''A*, v: i con side rin^Hhe : 'f irs t SSM, 'tube 320A is normally 
conducting and tube' 320B cut off . ' The rectangular prase . 
at terminal EH ie diffeWntiated poled " 

to conduct on the : , iiegaflve" l gping spike shaped pulse , 
passes the negative pulse to the grid of tube 32CA. 
This initiates the switch over of the " SSM "and conduction 
is tr^oferred to tube 3203. The SSM circuit value3 
arid voltages are chc»en 'sb that the tube 320B remains 
Conducting for a time lasting substantially until the 
first trigger pulse. Consequently, the output waveform 
taken from the plate of tube 320A and passed by conductor 323 
to terminal HA, is substantially of the shape of of Figure 
8. As was previously described, this waveform is used co 
gate the amplitude discriminator circuit of Figure V\. 

Similarly, in the second SSM, the tube 32: A 13 
normally conducting and tube 321B is cuu off. Tr.e 
negative going spike shaped part of the 3ignal from terminal 
EH is applied to the grid of tube 321A to initiate switching 
of the SSM. The switched time of this second SSM i:; designed 
to be of short duration. Thus, immediately following the 
reset pulse the SSM switches over and back providinc on tni 
plate of tube 321A and conductor 325 a positive goir.j; 
voltage and then a negative going return. This signal is 
differentiated by capacitor 326 and thus a positive and then 
a negative pulse are applied to the grid of tube 327A. 
The tube 327A is normally conducting and the positive 
going pulaC has no effect. However the negative going 
pulse cuts off the plate current in tube 327A and it remains 
cut off for a short period primarily determined by resistance 
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330 and 331 and capacitance 326. ^\>Dille; : the -tube 327 A is 
cut off there is no current flow : through -re Distance 332 
in its cathode circuit and no voltage drop .across it. 
Tube 327B is biased so that the voltage " drop across 
resistance 322 is sufficient to cut it^off. Therefore/, 
tube 327B is perniitted to conduct during' the time tube 
327A is cue off. The tube 327B is, in effect, gated . 
on in this n.anner for a short period following the 
reset pulse while the light detector 3ysteni is between 
scans and is receiving no li^ht. The gate voltage may .;, 
be of the shape of waveform W7 of Figure 8. 

The tube 327B acts as the cathode load resistance 
for a long tail pair stage (Ikl of Figure 7) which includes 
nubes 333A and 3333. The video signal , or scanned 
l£ght signal is at terminal GA and is applied to the grid 
of tube 333A. Iu will be recalled that it is desirable 
to establish a zero or base reference for this video signal. 
The grid of tube 3333 is at a fixed potential dictated by 
che resistances 33*4 and 335 series connected between the 
positive voltage source B+ and ground. When tube 3273 
is gated on either tube 333A or 3333 will alr.o co.-auc:. 

Suppose that during the tiiae tube 327B is ga-ed 
on, the grid of tube 333A is positive with respect ' ^ a 
reference, that is, the sifpal at terminal GA is po3i:ive f 
then current will flow through tube 533A and produce a 
positive potential on the cathode of tube 333B cutting 
it off. On the other hand, if the voltage on the grid of 
tube 333A is negative with respect to the sane reference 
no current will flow through tube 333A, but current will 
flow through tube 333B. Under the condition where equal 



702263 

voltages, are -on the grids of -tubes 333A and 333B when they 
are permitted to "conduct; both "the tube 3 may 'conduct. 

. c . - ;< ;; <it will be seen : that when tube 332 A "conducts, a 
negative pulse appears across ;load resistance 336; and : 
if tube;333B conducts a negative pulse appears* across load 
resistance 337* The output from tube 333A is xpupied by a 
capacitor 338 to the plate of ; a diode tube 340B ;and al3o 
to the cathode side of a crystal diode 3^1. r The output 
f ron tube 333B is coupled by a capacitor 343? to the cathode 
of a diode tube 3**0A and aiscf to the node aide' of a crystal 
diode 343 »~ : When tube 333B produces a negative going pulse, 
the tube 3*K)A conducts producing a current through load 
resistance 3kk charging capacitor 3**5. At the same time 
the capacitor 3^2 assumes a difference potential because 
of che current through tube 340A. Ac the end of the 
pulse, the plate of tube 333B again assumes the potential 
of the supply voltage and capacitor 3^2 13 restored to it^ 
normal state by current flowing through the restoration 
diode 3^3. A similar action taker, place when a negative 
output pulse is produced by tube 333A. The diode tube 5^0H 
and diode 3^1 arc in this case connected in opposite 
directions. The negative pulse causes a current flow .nrcj 
diode 3^1 , and after the pulse the charge on capacitor 3_,o 
is restored to normal by current chrough diode cube 3^05. 
This causes a current chrcugh r<; jistance 3'i6 charging 
capacitor 3^7, 

If che tube333B is conducting and producing 
output pulses, capacitor 3^5 will be charged negatively 
and capacitor 3^7 will not be charged. If tube 333 A 
is conducting and producing output pulses, the capacitor 
3^7 will be charged positively. A voicage divider necwork 
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comprising. resistances 350 and 351 is connected across the 
two .capacitors 3^5 and 3^7. The Junction of these two 
resistances therefore provides a negative output when cube 
333B conducts and a positive output when tube 333A conducts. 
If both tubes should conduct there would be no output 
at the Junction of resistances 350 and 351. This output 
has an integrating capacitance 552 connected to it. 
^ie s output is amplified by a conventional DC amplifier cube 

353 and the amplified output is avaA3.able via conductor 

354 at terminal HC. This is the zero or baseline control 
voltage and it is applied to the grid electrode of tube 
295 A in Figure 14. 

The action of this zero or baseline control 
circuit is described as follows. After a scan across che 
sorting zone is completed, light is cue off from the photo- 
multiplier tube for a short period of time. While the 
light is prevented from reaching che photonultiplier, the 
zero control or reference control is gated on. During this 
time the output from the DC amplifier, which is at terminal 
GA, should fall to its reference baseline (which may be 
zero or ground potential). If it is not at its reference 
level but is, for instance, positive with respect to the 
reference, tube 333A will conduct. This will produce a 
positive signal or, the grid of tube 353 as Ju3t explained. 
This increases the plate current through tube 353 and 
changes the plate voltage in a negative direction. 
The negative going voltage is applied over conductor 35^ 
terminal HC, and resistance 355 to the grid of tube 295A. 
Tube 295A is the first tube in the DC amplifier shown in 
Figure 14, and the negative going voltage decreases the 
output of the DC amplifier and adjusts the voltage at 
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teralnal GA in a negative direction. -^The. inverse action 
takes place if the output at terminal ;£a i3 -negative withVf 
respect to the reference during the particular gated part \ 
of the no signal period. It should' be note4 that Iv due to the 
action of the integrating capacitor 352^.^ 
pulses from either tube 333A or 3?3B fts* required "to adjust 7 - 
the DC amplifier by an appreciable taoiunfc?* The use of"' 1 
a short time constant would tend to cause : the control 
voltage at KC to fluctuate between pulses. 

Ic is believed that the entire operation of .the 
apparatus and circuitry should now be^ciear.- 

It is also believed that the embodiments of the 
invention described herein, along with.tne examples of 
the apparatus and circuitry that can be used in putting 
cne invention into practice are typical. It will be 
envious to those skilled in the art that various modifi- 
cations and variations can be made without dep^r^ing 
fron; the true invention which is defined in uho appended 
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' EXCLUSIVE PROPERTY OR PRIVIIEaB IS CLAIMED ARK DEFINED AS FOLLOWS: 

1>; *' Apparatus for sorting bodies of material each having 
an Individual yalue of .a remotely detectable physical property ■■ 
moving through a sprtij^ : zom^ s . .: 

a wide path feeding means to feed a raoridom stream oi' said 
bodies in an unobstructed wide path through siid sorting zone, 

detector means positioned adjacent said so? ting zone to 
provide a oignca indicative of the value - of said physical property 
of each said body related to the transverse position of eash 
said body in said stream, 

a plurality of rejection means positioned adjacent and 
substantially abutting one another in side by side relatior.3.Mp 
extending transversely across the width of said path, each reject- 
ion means having a first condition where said bodies are directed 
to a first path and a second condition where bodies are directed 
to a second path, said rejection means normally being in said 
f ir3t condition, and 

means responsive to said signal of a predetermined value 
related to the transverse position of each said body to actuate 
the rejection means at a corresponding transverse position to 
said second condition. 

2. Apparatus for sorting bodies of material each having 

an individual value of a remotely detectable physical property 
moving through a sorting zone, comprising 

a vibrating table feeder delivering a wide path random 
strean of bodies of material to a sorting zone having an unob- 
structed wide path therethrough for movement along said wide 
path under tho influence of gravity, 

detector moans positioned adjacent said sorting zone to 
provide a signal indicative of the value of said physical pro- 
perty of each aaid body related to one of a predetermined nunbor 

•is 
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of contiguous longitudinally extending parallel portions of 
vsaid strearain which each said body : mbves through the 'sotting ^ • 
: zone, 

•fp&$; . a rejection means for each said predetermined number of 
^portions of said stream positioned adjacent and substantially 

abutting one another extending across -the width of said stream 
-so that the stream passes said detector means before passing 
the rejection means, ".v'^v * 

each siaid rejection weans having a fir3t condition 

r 

. where bodies in the respective one of said predetermined number 
•^of portions of said stream are directed to a fir3t path and a 

second condition where bodies in the same respective portions are 

directed to a second path, 

each said rejection means normally being in said fir3t 

condition, and 

means responsive to a predetermined relationship of said 
signal to a reference for each said body to actuate the respect- 
ive rejection mean3 to its second condition. 

3. Apparatus for aortli^ bodies of material each having 

an Individual value of a light affecting property moving through 
a sorting zone comprising, 

a wide path feeder delivering a wide path random stream of 
said bodies to said sorting zone having an unobstructed wic : 
path therethrough for movement along said path under the influer.c 
of gravity, 

lampmsans directing light into said sorting zone, 

a photometric light detector means positioned adjacent 

said sorting zone and adapted to receive light from said bodie3 

having a value related to the individual value of the. light 

affecting property of each said body, 

scanning means associated with said photometric detector 

moar*3 to cause said photometric detector means to scan across 

said stream, 

VJ 
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said photometric detector means providing a signal- 
indicative of the value of the light affecting property of each f? ; 
said body, 

a predetermined number of fluid nozzles each .having a control 
for fluid flow therethrough mounted in abutting side by side :*.<: 
relationship adjacent said stream and extending /the vl&ih fti^ 
said stream, .• . -w? Z.tf* "\ '"; • ; '" 

said nozzles being positioned so that the bodies in-; 
said stream pass in front of tne nozzles after ithey pass the 
photometric detector means, 

separating means dividing said signal into a number of por- 
tions corresponding to the predetermined number of fluid pozzies, 

successive portions of said signal representing the 
light affecting property of bodies scanned in successive conti- 
guous portions a' said stream, 

a discriminator means for each portion of the signal, 

each said discriminator means receiving a respective 
portion oi' said signal and being responsive . to a predetermined 
relationship of the received signal portion to a reference to 
provide an output signal, and 

means connecting each said discriminator means to a res- 
pective one of said controls for fluid flow to apply a respective 
output signal thereto initiating a fluid blast through the res- 
pective nozzle to alter the course of the signal-originating 
body passing the nozzle, 

k. Apparatus for sorting bodies of material each having an 

individual value of translucency, comprising 

means defining a vertically disposed sorting zone including 
a transparent plate extending across the width of said sorting 
zone, 

said plate being inclined to the vertical and having 
a a.-nootn unobstructed surface facing said Borting zone, 
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a vibrating table feeder delivering a wide -path random 
stream of bodies to the upper ^erid of -said sorting' zone; :ahd dis- ?-w 
charging said /stream onto said plate for sliding "movement over 
said plate, under the influence jof. gravity in ?aNttde .path random „y 
stream, • • 'a?_~rf- .„ • ^ r '.f>- ■ vW v*^f.v 

"s a lower end of said 

plate in free-fall, r ^ : I ^ 

a light"- eourc* positioned "behind said-plate directing a 
transverse beam of light into the sorting zone over the widtlyof 
saJd 8 trcam, ;,y. i: • 

a photometric light detector ,means positioned adjacent said 
sorting zone opposite said light source and adapted to receive 
light from said light source directly and through sale, translucent 
bodies in said stream, 

scanning means aosociated with said photometric detector 
reans to cause said photometric detector means to scan acror,? 
3 aid stream, .- 

said photometric dotector means providing a signal _ 
indicative of the translucency o.* each scanned body, 

a predetermined number of fluid nozzles each having a 
control for fluid flow therethrough mounted in abutting side by 
side relationship adjacent said stream and extending the width 
of said stream, 

said nozzles bein£ positioned no that the bodies in 
said stream pass in free fall in front of the nozzles after they 
pass the photometric detector moans, 

separating means dividing said signal into a number of 
portions corresponding to the predetermined number of fluid 
nozzles, ; ■, 

successive portions of said signal ropro a anting tha 
cranslucency of bodies scanned in a corresponding successive 
contiguous portion of said stream, 

a discriminator njaru for eajn portion of aaid signal, 
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each said discriminator means receiving a respective 
portion of -said'Signal and being .responsive to a predetermined 
relationship of the received signal portion to a reference to 
provide an output signal, and :' y . i - s ; ' 

deans connecting each said .discriminator. means to a res-, 
pective one. of iald controls^r^^ .. 
ive output signal thereto Initiating a fluid blast through the 
respe ctive nozzle to alter the course of the signal -originating 
body passing the nozzle, . 

3. Apparatus as defined in claim ** in which the transparent 

plate is a light dispersing translucent plate providing dispersed 
light to the sorting zone. 

6. Apparatus for sorting bodies of material each having ar. 

individual value of reflectance moving through a sorting zone, 
comprising 

a wide path feeder delivering a wide path random stream of 
said bodies to a sorting zone having an unobstructed wide path 
therethrough for movement along said path under the influence o;" 
gravity, 

a light source for directing polarized light into the sorting 

zone, 

a photometric light detector means positioned adjacent said 
sorting zone adapted to receive diffuse, light reflected from tha 
surfaces of said bodies passing through said sorting zone, 

scanning means associated with said photometric dotector means 
to cause said photometric detector means to scan across said stream 

said photometric deteotor means providing a signal in- 
dicative of the reflectance of each scanned body, 

a predetermined number of fluid nozzles each having a control 
for fluid flow therethrough mounted in abutting sida by aide 
relationship adjacent said stream and extending across the width 
L of said stream. 
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. s ai d nozzles being positioned so that the b odie s -.In '•*"-■ 
said -stream pass lh front of the nozzles -after they passJithe^^K; 
photoinetric detector means, . 

v-V,. Separating means dividing said signal into a number '/of 
portions corresponding" to the predetermined number of fluid V?m 
nbzzlesi 

. successive portions of said signal representing the ^ : 
raflectance of bodies scanned in successive contiguous portion 
of said stream, ^ 

Vi a discriminator means for eajh portion of said signal, 
each said discriminator means receiving a respective ' 
portion of said signal and being responsive to a predeterained 
relationship of the/ received signal portion to a reference to 
provide an output signal, and 

means connecting each said discriminator means to a res- 
pective one of said controls Cor fluid flow to apply a respective 
output signal thereto initiating a fluid blast through the res- 
pective nozzle to alter the course of the signal -originating 
body passing the nozzle. 

7 # Apparatus for sorting bodies of material moving through 

a sorting zone, each body having an individual value of a remotely 
detectable pnysical property, comprising 

a feed hopper arranged to receive a ma3s of said bodies and 
having a bottom gravltationally fed outlet for said bodies, 

said outlet being substantially rectangular with its 
long dimension several times greater than its short dimension, 

a feed means haying a smooth unobstructed body receiving 
and conducting surface with a portion underlying said outlet and 
spaced therefrom for reception of randomly positioned bodies 
from said outlet, 

the surface of said feed means having a terminating 
end substantially parallel to the long dimension of said outlet 
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and being so constructed and arranged to conduct bodies or mat- 
erial received from, said outlet towards said terminating endj^j 
for discharge, 

means defining said porting zone disposed. at .-.said terminat- 
ing end and having an unobstructed wide path;f or reception of a , 
random stream of said bodios discharged from said terminating ,.: 

end, v:-./: \r:L . ' " ^-^^^0' . , 

detector means positioned a4 Jacent said 'sorting zone to pro 
vide a signal indicative of the value of said physical property-^ 
of each said body related to the transverse posit ipn of eacr; .. 

sai* body 'in 'said stream,;-. 

a plurality of rejection means positioned adjacent and sub- 
stantially abutting one another extending transversely across 
the width of said path, 

each rejection means having a first condition where 
said bodies are directed to a first path and a second condition 
wnere bodies are directed to a second path, 

said rejection means normally being in said first con- 
dition, and 

means responsive to said signal of a predetermined value 
related to the transverse position of each said body to actuate 
the rejection means at a corresponding transverse position to 
said second condition. 

8. Apparatus for sorting bodies of material moving 

through a sorting zone, each body having an Individual value of 
a remotely detectable physical property, comprising 

a feed hopper arranged to receive a maBS of said bodies 
and having a bottom gravitationally fed outlet for said bodies, 
said outlet being substantially rectangular with its 
long dimension several times greater than its short dimension, 

a feed table having a smooth unobstructed body receiving 
and conducting surface with a portion underlying said outlet 
and spaced thorofrom for reception of bodies passing at random 
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positions through said outlet, ' v 0y/ . ■ t : J; : ':\- 

. : ; v ; , thej;?urf ace of said feed; table -being inclined down- • 
wardly from. said port ion underlying 3aid outlet in a direction 
at right angles v^to said long dimension Tor gravitationally 
influenced movement of said bodies along : said surface, 

. said ^ur face having: a ^terminating end substantially 
parallel to ;theu;said « long dimension :f or discharging therefrom 
bodies moving down said .surface *in -a -wide random stream, 

means defining said sorting zone disposed beneath said 
terminating end and having an unobstructed wide path *f or pass- 
age therethrough under the influence of gravity of : a 'random 
stream of said bodies discharged from said terminating end, 

detector means positioned adjacent said sorting zone to 
provide a signal indicative of ohe value of said physical pro- 
perty or each said body related to the transverse position oC 
said bc-dy in said stream, 

a plurality of rejection means positioned adjacent and 
substantially abutting one another extending transversely acr< 
the width of said path, 

each rejection means having a first condition wher* 
3aid bodies are directed to a first path and a second conditi' 
where bodies are directed to a second path, 

said rejection means normally being in said first 
condition, and 

means responsive to said signal of a predetermined val\:e 
related to the transverse position of each said body to actua 
the rejection means at a corresponding transverse position tc 
said second condition. 

9. Apparatus for sorting bodies of material each havin ; 

a value of trans luccncy, conprl3lng a feed hoppsr arranged to 
receive a mass of said bodies and having a bottom gravitation 
: % od outlet for said bodies, 

said outlet boin<i «r.u>atantially roctaivgular with It 
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Ions dimension several times greater than -ita short dimension/ i>£ V 
. ;: ,a feed table having a smooth unob3truoted ;body receiviri^^;^; 
and conducting surface with a portion underlying said outlet "and 
spaced- therefrom for reception of bodies' passing -at random fp'otf I 
tions through said outlet, ^ - - . :-i -v:v.v£ W-^;;' 

the surface, -of said feed table being inclined doyniWardly 
from. said portion underlying . said outlet in a direction at -right 
angles to said long dimension for gravitatibnally influenced ]^H.% ■ 
movement of said bodies along said surface/ ■■" 

said surface having a terminating end substantially 
parallel to the said long dimension for discharging therefrom £^v- 
bodies moving dovm said surface in a wide random stream, 

means defining a sorting zone disposed beneath said termin- 
ating end and including a translucent light dispersing plate 
extending across the width of said sorting zone and having a 
smooth unobstructed surface facing said sorting zor;c, 

said translucent plate being inclined to the vertical 
and positioned to receive from said terminating end a wide path 
random stream of bodie3 on said surface of said plate for guiding 
said bodies down said surface in engagement therewith and dis- 
charging said bodies from a lower end thereof in free fall, - 
a light source adjacent said translucent plate on the side 
thereof remote from said sorting zone directing a transversely 
disposed bean of dispersed light through said plate into said 
sorting zone, 

a photometric light detector adjacent said sorting zone 
opposite said light source to receive light therefrom, 

scanning means associated with said photometric detector 
to scan transversely across the width of said sorting zone, 

said detector providing a signal indicative of the 
translucency of each scanned body related to the transverse pos- 
ition of each said body in said stroam, 

a predetermined number of fluid nozzles each having a 
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control for fluid flow therettep^h:rabunted in abutting side, by 
side relationship adjacent sald'sorting zone and "extending trans- 
versely across the width thereof/*^ . ; ; : . ;^v, 

said nozzles being positioned below theHower end of 
said translucent plate, - ~ 5 "J ?:r : ;U:; - ' : 

separating means dividing : 8^^/ signal into a ftiimber bf por- 
tions corresponding to the predetermined 'number of : fluid nozzles^ 
successive portions of viB aid Signal representing the. 
translucency of bodies in successive contiguous portions of said 
stream, . .... - ./-^J^. - \' . ' ' ' ' ' 

a discriminator means receiving said portions r of said signals 
and being responsive to a predetermined relationship between each 
said portion and a tv fere nee to provide an output signal for each 
said portion, and 

mean3 connecting said discriminator means to ca.oh said concro 
for fluid flow to apply a respective output 3ignal thereto initio 
ing a fluid blast through the respective nozzle to alter the ccurs 
of the signal-originating body passing the nozzle. 

10* In a system for sorting irregular bodies of material, 

a feed hopper arranged to receive a mas3 o:' said bodies and 
having a bottom gravitationally fed outlet for said bodies, 

said outlet beinr. substantially rectangular with its 
long dimension several times greater than its short dimension, 
a feed table having two sections each v»ith a smooth unob- 
structed body conducting surface, 

said sections being secured together with the end of 
one section adjacent and spaced from the other section to form a 
transverse dust passing 3lot therebetween, and said sections 
making a large obtuse angle with one another forming a small crest 
in the table surface at adjacent ends of oaid sections, 

the ourfaco of said table being inclined to the vertical 
with tho slot formed therein extending transversely tc the jiii-ooti 
of 3lope and the upper section having trw le.jjer slope, 
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aald feed table being positioned with a transverse por- 
tion of the .upper^ section underlying. said outlet and. spaced there- 
from for reception of bodies of r material from said outlet across 
the width of said table, ^k'-^'^S * : ' " 

vibrating means connected to said table to cause movement 
of said bodies downwards of the surface of said table-in a random 
stream extending -the width of said.; table, • 

the lower section of said table having a terminating 
end for discharge of todies moving do^ its surface in a wide 
pach random stream, 

means defining a sorting zona disposed beneath said termin- 
ating end and having an unobstructed wide path for passage there- 
through under the influence of gravity of a random stream of 
said bodied discharged from said terminating end, 

scannirg means positioned adjacent the sorting zone for a car..* 
lng transversely across the width or said stream, 

light detector means associated with aaid scanning means co 
provide a signal indicative of a light affecting property, or each 
body scanned, 

rejection means positioned below said light detector means 
having a first condition where bodies in said stream are directed 
to a first path and a second condition where bodies in said strea;. 
are directed to a second path, 

said rejection means normally being in said first 
condition, and 

moans responsive to a predetermined relationship between 
said signal and a reference to actuate said rejection means to 
its second condition • 
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